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HIGH POWER KrF LASER DEVELOPMENT AT LOS ALAMOS

T. McDonald, D. Canwright, C. Fenslermacher, J. Figucira, P. Goldstone,
D. Harris, W. Mcad, and L. Rosocha

Los Alamos National Laboratory
P. O. Box 1663, Los Alamos, NM 87545

ABSTRACT

The objective of the high power lascr
development program at Los Alamos is lo
appraise the potential of the KrF laser as a
driver for inertial confincment fusion (ICF),
uitimately at encrgy lIcvels that will produce
high target gain (gain of ordcr 100). A KrF
laser system prototype, the 10-kJ Aurora lascr,
which is ncaring initial system opcration, will
serve as a fcasibility demonstration of KrF
tcchnology and system design  coacepts
appropriate to large scalc ICF driver sysicms.
The issucs of alfordable cost, which is a major
concern for all ITF drivers now undec
devclopment, and technology scaling arc also
bcing examined. [t is found 1hat, through
tecchnology advances and component cest
rcductions, the potential exists for a KrF
driver to achicve a cost goal in lhc
ncighborhood of $100 per joule. 'The authors
suggest that  the next slep toward a
multimcgajoulce laboratory microfusion
facility (LMF) is an “lIntermcdiate Driver”
facility in the few hundred kilojoule 10 onc
megajoule range, which will help verify the
scaling of driver technology and cost o an
LMF sizc. An Intcrmediate Driver  facility
would also incrcasc the confidence in the
cstimates of cnergy ncceded for an LME and
would rcduce the risk in target peiformance.

INTROBUCTION

The ICF activities at Los Alamos consist of
three  arcas: high power lascr  driver
lecchnology dcvelopment, target design  and
fabrication, and target experimentaiion. As a
result of the US Department of Energy (USDOE)
mitiative 1o begin planning for a laboratory
nicrofusion facility (LLMF) in the 1990s, the
Los Alamos program is currently emphasizing
Jriver tcchnology dcvelopment.

The KrF lascr has scyveral atrributes that make
it an attractive candidatc as a laboratory

driver at high cnergy levels.':2)  The KrF
wavclength of 248 nm appcars 10 be ncar
optimum for efficicnt laser encrgy to 1argel
coupling.  Simulations indicatc that the front-
cnd pulsc shape is retaincd through the
amplificr chain (0 the target; thus, the
requircd drive pulsc shapc may rcadily be
obtained. Currcnl estimates of lascr cnergy
rcquirecments to achicve high 1arget gain  (of
order 100) lie in the 5-1020-MJ range, and,
based on a modular amplificr approach, the
KrF laser is scalable (0 the required
multimegajoulec energy outputs.34)  KrF lascrs
cxhibit a high intrinsic effliciency that has
been mcasured 1o be approximately 14% and
computer results  indicaic tha cfliciencics
could be as high as 15% - 17%.5)  1In adlition,
the overall system cfficiency of a KrF laser is
projected 1o be as high as 10% (wall plug 1o
lascr light on target). Because it is a gas laser,
KrF  can readily be adapted to rep-raied
opcration.  Thus, KiF shows promise for the
long-range application of power gencration.

AURORA LASER SYSTEM

The  Aurora laser system is a  prototypical
driver on which KrF 1echnology issucs are
being addressed in a sysiem  cnviroament 1)
The laser is designed 10 produce a nominal 10
k] in 96 beams having a pulse lenpth of S ns
The system employs a multiplexing  approach
whereby a single 5-ns pulse from the front
end oscillator is split into 96 beams through a
scries of beam splitters and mirtors,  The beam
paths arc staggered so that the 96 pulses arc
routed throug! the am; lificr chain
scquentially to form & 480.-ns  pulsc train,
Each becam path is at a slightly different angle

to maintain spatial separation, The approach
allows the uer af anluv a einnl. PR DAY - S
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Figure 1 is an artist’'s concept of the Aurora
system with 48 bcams bcing scnt to target. Al
96 bcams arc brought 10 the recollimator
array. From the rccollimator array, 48 bcams
arc taken through the optical demuliiplexer
and to thc target chamber.  To bring all 96
bcams to ta-get, a second demultiplexer would
be instailed on the opposite side of the target
chamber from the first  demultiplexer,
through which the sccond 48 beams would
pass.

Vithin the past year, an improved front end
system  has  been  installed on  Aurora  tha
provides a reproducible  pulse and has  an
cncrgy contrast  ratio that has been measared
between 108 and 107 The Aurora amplifier
system  consists of a chain of four amplificrs
after the front-eud, which are referred to ey
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the small aperiure module (SAM), the
preamplifier (PA), the intermediate amplifier
(IA), and the large aperture module (LAM).
The amplifiers are all e-beam pumped and are
designed o provide a 1total system gain of
4x105. The LAM has been tested as an unslable
resonator and, although nonoplimized,
produced in excess of 10 kJ of 248-nm laser
radiation. The system is currentlv undergoing
integration and checkout in preparation for
initial opcration by the beginning of 1989,
The amplificr parameters during this initial
opcration phase are given in Table 1.

Beam-train alignment is largely stalic except
for active feedback control of two mirror
stations: the individual beam mirrors at the
input to the PA where all beams pass through
a common input pupil and the large back
mirror inside the LAM. Aiming of the becans
is accomplished at the final mirror station,
which is shown in the photograph of Figure 2.
Beam spot quality specifications call for 95%
of the cnergy 1o fall within a 200-micron
circle and that the intensity be uniform (o
t 30% over the ccentral 120 microns. The
control system for bcam aiming consists of a
microscope that rclays to a video camcra an
cnlarged image of the actual spot produccd by
the overtap of all 48 beams. The vidco image is
analyzed and corrections made to improve spot
qualuty.

Fig. 2 Photograph of the final aiming
sysiem  mirror array.

The Aurora target sysiem consists of the targel
chamber, bcam conc, and lens plate assembly.
The target chamber is a 1.57-m diamecter, 7.6
cm-thick stainless stcel sphere that is attached
to the becam conc lens plate assembly by a
valved cylindrical transition secction and a
bellows.  The target chamber has a t1otal of 75
ports iacluding 16 pairs of opposing ports and
two opposing 53.cm beam ports for the /1.8
becamlet bundles. This configurstion allows
casy diagnostic access to almost the entire 4 n
solid angle around the tarpet. Figure 1 is a
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Fig. 3 Photograph of the assembled Aurnra
target system  showing major subsysiems and
componcnts.

system  showing major subsystems and
components.  The target insertion system is an
air-lock single-target  inscriion  mecchanism.
The target is held on the end of a slender sualk,
which is mountcd on a cart with a threc-axis
micropositioner, A dual chain drive transfers
the cart across the air-lock gaie valve and
cams it into position on a kinematic base with
a positioning reproducibility of 5§ microns.

Aurora has thrce modes of opcration:
maintcnance, subsystem, and integrated. In
maintenance mode, the conirol system allows
an operator 10 actuate individual devices such
as relays, valves, or similar devices: to turn
power supplics on and off; and to examinc
monitors  on many individual components  of

the  lascr  system. In  subsystem modce, the
control system can be used to charge and firc
individual Marx  gencrators and  amplificrs. In

integrated mode, the system charges and  fires
the entire Avrora laser from the front end 1o
the LLAM.

Initial diagnostics on  Aurora will be direrted
at bcam characterization such as spot sisc,
uniformity, intensily, and the major assuc of
beam contrast, Inmaal target cxperiments  will
concentrate on encrgy dcposiuon, absorption,
and x-ray conversion Kcy mcasurcments
include:  (a) time resolved mecasurements  of
absolute soft x-ray emission (20 eV - 2 kecV),
(b) soft x-ray pinhole camera maging of
target ennssion, (¢) solr x-ray spectroscopy,
and  (d)  scantered  hght  amplitude  and
distnbunion. L.ater target cexpenments  wall
address hydrodynamic instabilities and, il the
full complement of 96 bcams s brought 10 the
targel, drive symmetry, Instrumentation  for
thesc measvrements  will include a  calibrated

hard =x-ray delection system, x.ray diode
arrave. and IV enrcirnoranhe Plance rall far



nearing initial system checkout and 1s
expected to become fully operational at the 1-
to 3-kJ level during the calendar year 19%9.

KrF SCALING

The scaling activity at Los Alamos is currcently
examining dcsign options and tradcoffs for
multimegajoule KrF laser driver facilities and
investigating impacts of design paramcters on
facility cost. A standardized costing mecthod
has been developed 1o deiermine comparative
costs of dcsigns.

A paramcter siudy was donc of four designs,
one using Aurora technology and the others
assuming significant bul realistic technology
advances. The preliminary results are shown
in Figure 4, which is a graph of cost versus
optical flucnce as a funciion of amplificr
module size for a 10-MJ driver facility. This
graph shows that the cost of these particular
dcsigns is nol strongly dependent upan optical

flucnce past approximaicly 4 J/em2.  However,
an incrcase in amplifictr modulc size togcther
with technology advances can lcad 1o
significant cost rcductions over designs
cmploying prcsent Aurora technology. From
these studics, it appcars that KrF dcsigns have
the potential of reaching cost goal!s in  the
ncighborhood of $100 per joule.
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Fig. 4 Graph of paramcrer  study  resulls
showing potential for cost reductions of a
multimegajoule  KilI© driver facility.

PROGRAM DIRECTIONS

Bascd on current estimate.  and  technology
scaling, the cost of & multimegajoule LMI s
expected to be quite high, of order $1 bhillion
It should be noted that cven this ecstimale
assumesn  significant  advances ovor existing
driver technologics. Much unceriainty exists
in the scaling and costing of all driver

that could significantly affect the abihity of an
LMI' 1o rcach the stated goal of a 1000 MJ yicld.

In vicw of the technology, cost, and physics
uncerlaintics in  scaling to a muliimegajoule
size facility, and the fact that the apparent
cnergvy  and power rcquircments of an LMF
cxceed by over 2 orders of magnitude the
capabilitics of the largest drivers that have
yet been put on target, the authors believe it
would be prudent to develop and wusc an
"Intermediatc Driver” as the next stcp to an
LMF. An intcrmediatc driver in the few
hundred kilojoule 1o onec megajoule range
would 1) decmonstrate driver technology and
cstablish the cost basis for multimegajoule
drivers, and 2) reduce the uncertaintics in
rcactor-scale laser-plasma coupling, indirect-
drive target optimization, and cryogenic
target pcrformance in a ncar-ignition regime,
Also, at the intermediate driver level, a KrF
laser facility could be designed 10 have
interesting  direct-drive capability if the work
at University of Rochester, Naval Rescarch
l.aboratory, and Los Alamos continues to show
promisc.
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